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METHOD FOR PRODUCING SILICON 
CARBDE-CARBON COMPOSITE 

TECHNICAL FIELD 

This invention relates to methods for producing a silicon 
carbide-carbon composite. 

BACKGROUND ART 

Silicon carbide-carbon composites are conventionally 
known in which carbon, Such as graphite, and silicon carbide 
are combined into a composite material. For example, Patent 
Literature 1 discloses a method for producing a carbon base 
material coated with silicon carbide by reacting the carbon 
base material with SiO gas. Patent Literature 2 discloses a 
method for producing a composite of silicon carbide and 
carbon by mixing carbon and silicon carbide and then firing 
the mixture. 

CITATION LIST 

Patent Literature 

Patent Literature 1: JP-A-2011-51866 
Patent Literature 2: JP-A-2011-51867 

SUMMARY OF INVENTION 

Technical Problem 

There is a need for a further powerful method for producing 
a silicon carbide-carbon composite. 
The present invention has been made in view of the fore 

going point and an object thereof is to provide a novel method 
for producing a silicon carbide-carbon composite. 

Solution to Problem 

A method for producing a silicon carbide-carbon compos 
ite of the present invention includes the step of firing a green 
body containing silicon nitride and a carbonaceous material. 
The silicon nitride is preferably attached to a surface of the 
carbonaceous material. 
The method for producing a silicon carbide-carbon com 

posite of the present invention preferably further includes: 
mixing the silicon nitride, the carbonaceous material, and a 
binder to obtain a mixture containing the carbonaceous mate 
rial having the silicon nitride attached to a surface thereof; 
and forming the mixture to obtain the green body. 

In the method for producing a silicon carbide-carbon com 
posite of the present invention, the green body can be 
obtained by gel-casting. 

In the method for producing a silicon carbide-carbon com 
posite of the present invention, the silicon nitride may be used 
in particulate form. 
The silicon nitride preferably has a particle size in a range 

of/100 to /s of a particle size of the carbonaceous material. 
In the method for producing a silicon carbide-carbon com 

posite of the present invention, the green body used prefer 
ably has a volume ratio between the silicon nitride and the 
carbonaceous material of 5:95 to 50:50. 

In the method for producing a silicon carbide-carbon com 
posite of the present invention, the firing of the green body is 
preferably performed at 1700° C. or above. 

The method for producing a silicon carbide-carbon com 
posite of the present invention is a method for producing a 
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2 
silicon carbide-carbon composite containing the silicon car 
bide which covers and connects a plurality of pieces of the 
carbonaceous material. 

Advantageous Effects of Invention 

The present invention can provide a novel method for pro 
ducing a silicon carbide-carbon composite. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a silicon 
carbide-carbon composite obtained by a production method 
according to an embodiment of the present invention. 

FIG. 2 is scanning electron micrographs of a silicon car 
bide-graphite composite obtained in Example 1 (in which (a) 
and (b) show its surface and fracture Surface, respectively). 

FIG. 3 is scanning electron micrographs of a silicon car 
bide-graphite composite obtained in Example 2 (in which (a) 
and (b) show its surface and fracture Surface, respectively). 

FIG. 4 is scanning electron micrographs of a silicon car 
bide-graphite composite obtained in Example 3 (in which (a) 
and (b) show its surface and fracture Surface, respectively). 

FIG. 5 is scanning electron micrographs of a silicon car 
bide-graphite composite obtained in Example 4 (in which (a) 
and (b) show its surface and fracture Surface, respectively). 

FIG. 6 is scanning electron micrographs of a silicon car 
bide-graphite composite obtained in Example 5 (in which (a) 
and (b) show its surface and fracture Surface, respectively). 

FIG. 7 is a scanning electron micrograph of a surface of a 
silicon carbide-graphite composite obtained in Comparative 
Example 1. 

FIG. 8 is a scanning electron micrograph of a surface of a 
silicon carbide-graphite composite obtained in Comparative 
Example 2. 

DESCRIPTION OF EMBODIMENTS 

A description will be given below of an example of a 
preferred embodiment for working of the present invention. 
However, the following embodiment is simply illustrative. 
The present invention is not at all limited by the following 
embodiment. 
The drawings to which the embodiment and the like refer 

are schematically illustrated, and the dimensional ratios and 
the like of objects illustrated in the drawings may be different 
from those of the actual objects. The dimensional ratios and 
the like of specific objects should be determined in consider 
ation of the following descriptions. 

(Silicon Carbide-Carbon Composite 1) 
FIG. 1 is a schematic cross-sectional view showing a sili 

con carbide-carbon composite obtained by a production 
method according to this embodiment. Referring first to FIG. 
1, a description is given of the structure of the silicon carbide 
carbon composite obtained by the production method accord 
ing to this embodiment. 
The silicon carbide-carbon composite 1 is a composite 

material formed of a plurality of pieces of carbonaceous 
material 2 and silicon carbide 3. 
The preferred carbonaceous material 2 to be used is, for 

example, natural graphite made of vein graphite, flake graph 
ite, amorphous graphite or the like; or artificial graphite made 
from coke or mesophase spherule. The carbonaceous material 
may be in particulate form. In other words, the carbonaceous 
material 2 may be carbon particles. The particle size of the 
carbonaceous material 2 is preferably about 50 nm to about 
500 um, more preferably about 1 um to about 250 um, and still 
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more preferably about 5um to about 100 um. If the particle 
size of the carbonaceous material 2 is too small, the particles 
may agglomerate. If the carbonaceous material 2 agglomer 
ates too much, the resultant silicon carbide-carbon composite 
1 may not be able to acquire carbon characteristics. On the 
other hand, if the particle size of the carbonaceous material 2 
is too large, a ceramic-carbon composite obtained by firing 
may be reduced in strength. The plurality of pieces of carbon 
aceous material 2 may contain a single type of carbonaceous 
material 2 or a plurality of types of carbonaceous materials 2. 
The silicon carbide 3 is formed among the plurality of 

pieces of carbonaceous material 2. The silicon carbide 3 
covers the plurality of pieces of carbonaceous material 2 and 
connects them. The silicon carbide 3 preferably has a con 
tinuous structure. The silicon carbide 3 more preferably has a 
three-dimensional network. In other words, the plurality of 
pieces of carbonaceous material 2 are preferably integrated 
by the silicon carbide 3 having a three-dimensional network. 
In the silicon carbide-carbon composite 1, carbon particles 2 
are preferably dispersed in the silicon carbide 3. The carbon 
particles 2 may be dispersed in agglomerates in the silicon 
carbide 3. 
The silicon carbide 3 may be composed of a single con 

tinuous lump or a plurality of isolated lumps. 
The volume ratio between the carbonaceous material 2 and 

the silicon carbide 3 in the silicon carbide-carbon composite 
1 (the volume of the carbonaceous material 2 to the volume of 
the silicon carbide 3) is preferably 95:5 to 50:50 and more 
preferably 90:10 to 70:30. 

The thickness of the silicon carbide 3 is preferably about 
100 nm to about 10 um. 
The silicon carbide-carbon composite 1 may contain any 

compound derived from a sintering aid. Examples of the 
sintering aid include yttrium oxides, such as YO aluminum 
oxides, such as Al-O, calcium oxides, such as CaO, silicon 
oxides, such as SiO, and other rare earth oxides. 

Next, a description will be given of an example of a method 
for producing the silicon carbide-carbon composite 1. 

(Green Body Producing Step) 
Agreen body is produced which contains the carbonaceous 

material 2 having silicon nitride attached to a surface thereof. 
No particular limitation is placed on the form of silicon 

nitride to be attached to the surface of the carbonaceous 
material 2. Examples of the form include particulate form and 
film form. 

If the silicon nitride is in particulate form, the particle size 
of the silicon nitride is preferably about 50 nm to about 10um 
and more preferably about 100 nm to about 1 lum. 
The particle size of the silicon nitride is preferably in a 

range of /100 to /s of the particle size of the carbonaceous 
material 2. In this case, substantially the entire surface of the 
carbonaceous material 2 can be covered with the silicon 
nitride. The particle size of the silicon nitride is more prefer 
ably in a range of /so to /10 of that of the carbonaceous 
material 2 and still more preferably in a range of 40 to /20 of 
the same. 

The mixture ratio between the silicon nitride and the car 
bonaceous material 2 (the volume of the silicon nitride to the 
volume of the carbonaceous material 2 (volume ratio between 
them)) is preferably 5:95 to 50:50 and more preferably 10:90 
to 30:7O. 
No particular limitation is placed on the method for attach 

ing the silicon nitride to the Surface of the carbonaceous 
material 2. For example, the carbonaceous material 2 and the 
silicon nitride may be mixed together. Specific examples of 
the mixing include any gas phase method, any liquid phase 
method, any mechanical mixing method of mixing the silicon 
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4 
nitride and the carbonaceous material 2 using a mixer or the 
like, any slurry method, and any combined method of them. 
Specific examples of the gas phase method include the chemi 
cal vapor deposition method (CVD method) and the conver 
sion method (CVR method). A specific example of the liquid 
phase method is the chemical precipitation method. Specific 
examples of the slurry method include, for example, gel 
casting, slip-casting, and tape-casting. 
No particular limitation is placed on the method of forming 

of the carbonaceous material 2 having the silicon nitride 
attached to the surface thereof. For example, with the use of 
the gel-casting method, the attachment of the silicon nitride to 
the Surface of the carbonaceous material 2 and the forming of 
the carbonaceous material 2 can be concurrently performed. 
In the gel-casting method, a solvent in liquid form and a 
binder are mixed together to form a slurry, the carbonaceous 
material is added into the slurry and mixed together, and the 
mixture is then dried, resulting in a solid mixture. For 
example, a carbon powder and a silicon nitride powder are 
added to an isopropanol organic solvent to which acrylamide 
and N,N'-methylenebisacrylamide are added as binders, the 
mixture is stirred in a planetary centrifugal mixer to prepare a 
slurry, and the slurry is poured into a mold and dried, resulting 
in a green body. 

(Firing Step) 
Next, the green body is fired. An example of the firing 

method is the spark plasma sintering method. 
The firing temperature and firing time of the green body, 

the type of firing atmosphere, the pressure in the firing atmo 
sphere and so on can be appropriately selected depending 
upon the types, shapes, sizes, and so on of the materials used. 
The firing temperature may be, for example, 1700° C. or 
above. The firing temperature is preferably about 1700° C. to 
about 2100° C. and more preferably about 1800° C. to 2000° 
C. The firing time can be, for example, about five minutes to 
about two hours. The type of firing atmosphere can be, for 
example, vacuum atmosphere or inert gas atmosphere. Such 
as nitrogen or argon. The pressure in the firing atmosphere 
can be, for example, about 0.01 MPa to about 10 MPa. 

In the firing step, silicon carbide 3 is formed on the surface 
of the carbonaceous material 2. At this time, the silicon car 
bide 3 is formed among the plurality of pieces of carbon 
aceous material 2. In other words, in the firing step, the 
plurality of pieces of carbonaceous material 2 are covered 
with and connected by the silicon carbide 3. Silicon nitride 
may still remain in the silicon carbide-carbon composite 1. 
The silicon carbide-carbon composite 1 obtained by the 

production method of this embodiment is superior in terms of 
strength, thermal conductivity and so on to silicon carbide 
carbon composites obtained using silicon carbide as a source. 
The reason for this can be attributed to that the use of silicon 
nitride as a source facilitates the formation of silicon carbide 
3 on the surface of the carbonaceous material 2 at a lower 
temperature in the firing step and thus promotes the sintering 
of the silicon carbide more quickly than the use of silicon 
carbideas a source. Specifically, it can be considered that with 
silicon carbide as a source, the driving force for sintering 
depends only upon reduction in particle Surface energy, 
whereas with silicon nitride as a source, the chemical reaction 
of conversion from silicon nitride to silicon carbide further 
promotes the sintering. It can be considered that the continu 
ity of the silicon carbide 3 in the silicon carbide-carbon com 
posite 1 increases with the progress of sintering and the 
strength and thermal conductivity increases with increasing 
continuity of the silicon carbide 3. Therefore, it can be con 
sidered that since the production method of this embodiment 
employs silicon nitride as a source, the method can provide a 
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silicon carbide-carbon composite 1 excellent in strength, 
thermal conductivity, and so on. 

With the production method according to this embodiment, 
a silicon carbide-carbon composite 1 can be easily produced 
at a reduced temperature even without the use of silicon 
carbide as a source. 

Hereinafter, the present invention will be described in more 
detail with reference to specific examples. The present inven 
tion is not at all limited by the following examples. Modifi 
cations and variations may be appropriately made therein 
without changing the gist of the present invention. 

EXAMPLE1 

A silicon carbide-carbon composite having Substantially 
the same structure as the silicon carbide-carbon composite 1 
was produced in the following manner. 
As the carbonaceous material 2, graphite (mesophase 

spherule manufactured by Toyo Tan So Co., Ltd.) was used. 
As the silicon nitride, SiNa manufactured by Ube Industries, 
Ltd. was used. 
A mixed powder of graphite (10g), silicon nitride (4.63 g). 

and Al2O (0.31 g) and Y.O. (0.15g) as sintering aids; and a 
binder Solution (3.57 g) containing acrylamide (8 g) and 
N,N'-methylenebisacrylamide (1 g) dissolved in isopropanol 
(45 g) were mixed by the gel-casting method and the mixture 
was cast in a plastic mold. The Volume ratio between graphite 
and ceramic in the mixture was 80:20. The resultant mixture 
was dried at 80° C. under ordinary pressure for 12 hours to 
obtain a dry product. Next, the dry product was heated at 700° 
C. under vacuum for an hour to remove acrylamide as the 
binder. Furthermore, using the spark plasma sintering 
method, the dry product was sintered by passage of pulse 
current at 1700° C. under vacuum condition for five minutes 
with the application of a pressure of 30 MPa. As a result, a 
silicon carbide-graphite composite was obtained as a silicon 
carbide-carbon composite. 
The obtained silicon carbide-graphite composite was mea 

sured in terms of bulk density, relative density, bending 
strength, and thermal conductivity in the following manners. 
The results are shown in Table 1 below. 

Bulk Density 
The bulk density was measured by the Archimedes 

method. Specifically, the bulk density was measured in accor 
dance with JISA 1509-3. 

Relative Density 
The relative density was calculated from the ratio between 

the bulk density measured by the above method and the theo 
retical density of the same sample (density thereof with no 
pore) (see JIS Z2500-3407). 

Bending Strength 
The bending strength was measured by the three-point 

bending test. Specifically, the bending strength was measured 
in accordance with JISA 1509-4. 

Thermal Conductivity 
The thermal conductivity was measured by the laser flash 

method. Specifically, the thermal conductivity was measured 
in accordance with JISR 1650-3. 

FIG. 2 shows Scanning electron micrographs of the silicon 
carbide-graphite composite obtained in Example 1 (in which 
(a) and (b) show its surface and fracture Surface, respectively, 
both at 1000-fold magnification). 

EXAMPLE 2 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 1 except that the sintering was 
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6 
performed by passage of pulse current at 1750° C. The 
obtained silicon carbide-graphite composite was measured in 
terms of bulk density, relative density, bending strength, and 
thermal conductivity in the same manners as in Example 1. 
The results are shown in Table 1 below. FIG. 3 shows scan 
ning electron micrographs of the silicon carbide-graphite 
composite obtained in Example 2 (in which (a) and (b) show 
its surface and fracture surface, respectively, both at 1000 
fold magnification). 

EXAMPLE 3 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 1 except that the sintering was 
performed by passage of pulse current at 1800° C. The 
obtained silicon carbide-graphite composite was measured in 
terms of bulk density, relative density, bending strength, and 
thermal conductivity in the same manners as in Example 1. 
The results are shown in Table 1 below. FIG. 4 shows scan 
ning electron micrographs of the silicon carbide-graphite 
composite obtained in Example 3 (in which (a) and (b) show 
its surface and fracture surface, respectively, both at 1000 
fold magnification). 

EXAMPLE 4 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 1 except that the sintering was 
performed by passage of pulse current at 1900° C. The 
obtained silicon carbide-graphite composite was measured in 
terms of bulk density, relative density, bending strength, and 
thermal conductivity in the same manners as in Example 1. 
The results are shown in Table 1 below. FIG. 5 shows scan 
ning electron micrographs of the silicon carbide-graphite 
composite obtained in Example 4 (in which (a) and (b) show 
its surface and fracture surface, respectively, both at 1000 
fold magnification). 

EXAMPLE 5 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 4 except that a mixed powder of 
graphite (10g), silicon nitride (5.96 g), and Al-O (O.39 g) and 
YO (0.20 g) as sintering aids; and 1-propanol (3.83 g) 
containing acrylamide as an organic monomer were mixed by 
the gel-casting method. The Volume ratio between graphite 
and ceramic in the mixture was 80:20. 
The obtained silicon carbide-graphite composite was mea 

sured in terms of bulk density, relative density, bending 
strength, and thermal conductivity in the same manners as in 
Example 1. The results are shown in Table 1 below. 

FIG. 6 shows Scanning electron micrographs of the silicon 
carbide-graphite composite obtained in Example 5 (in which 
(a) and (b) show its surface at 500-fold magnification and its 
fracture surface at 1000-fold magnification, respectively). 

COMPARATIVE EXAMPLE 1 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 4 except that a mixed powder of 
graphite (10 g), silicon carbide (SiC 4.50g), and Al-O (O.30 
g) and Y.O. (0.15 g) as sintering aids; and a binder solution 
(3.03 g) containing acrylamide (8 g) and N,N'-methylenebi 
sacrylamide (1 g) dissolved in isopropanol (45 g) were mixed 
by the gel-casting method. The Volume ratio between graph 
ite and ceramic in the mixture was 75:25. 
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The obtained silicon carbide-graphite composite was mea 
sured in terms of bulk density, relative density, bending 
strength, and thermal conductivity in the same manners as in 
Example 1. The results are shown in Table 1 below. FIG. 7 
shows a scanning electron micrograph of a Surface of the 
silicon carbide-graphite composite obtained in Comparative 
Example 1 (at 1000-fold magnification). 

COMPARATIVE EXAMPLE 2 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 4 except that a mixed powder of 
graphite (10g), silicon carbide (SiC 5.96 g), and Al-O (O.39 
g) andY.O. (0.20g) as sintering aids; and 1-propanol (3.24 g) 
containing acrylamide as an organic monomer were mixed by 
the gel-casting method. The Volume ratio between graphite 
and ceramic in the mixture was 70:30. 
The obtained silicon carbide-graphite composite was mea 

sured in terms of bulk density, relative density, bending 
strength, and thermal conductivity in the same manners as in 
Example 1. The results are shown in Table 1 below. FIG. 8 
shows a scanning electron micrograph of a Surface of the 
silicon carbide-graphite composite obtained in Comparative 
Example 2 (at 1000-fold magnification). 

COMPARATIVE EXAMPLE 3 

A silicon carbide-graphite composite was obtained in the 
same manner as in Example 4 except that a mixed powder of 
graphite (10 g), aluminum nitride (AlN 3.54 g), and Y.O. 
(0.19 g) as a sintering aid and a binder Solution (2.49 g) 
containing acrylamide (8 g) and N,N'-methylenebisacryla 
mide (1 g) dissolved in isopropanol (45 g) were mixed by the 
gel-casting method. The Volume ratio between graphite and 
ceramic in the mixture was 70:30. 
The obtained silicon carbide-graphite composite was mea 

sured in terms of bulk density, relative density, bending 
strength, and thermal conductivity in the same manners as in 
Example 1. The results are shown in Table 1 below. 

TABLE 1. 

Sintering Bulk Relative Bending Thermal 
Temperature Density Density Strength Conductivity 

(° C.) (g/cm) (%) (MPa) (W/m . K) 
Ex. 1 1700 2.21 90 64 34 
Ex. 2 1750 2.21 90 79 71 
Ex. 3 1800 2.10 86 71 85 
Ex. 4 1900 2.36 97 135 140 
Ex. S 1900 2.42 97 150 138 
Comp. Ex. 1 1900 2.29 94 58 101 
Comp. Ex. 2 1900 2.36 94 S4 107 
Comp. Ex. 3 1900 2.34 98 1OO 170 

REFERENCE SIGNS LIST 

1 ... silicon carbide-carbon composite 
2 . . . carbonaceous material 
3... silicon carbide 
The invention claimed is: 
1. A method for producing a silicon carbide-carbon com 

posite, comprising firing a green body containing particulate 
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silicon nitride and a carbonaceous material to obtain the sili 
con carbide-carbon composite, wherein the silicon nitride has 
a particle size in a range of/100 to /5 of a particle size of the 
carbonaceous material. 

2. The method for producing a silicon carbide-carbon com 
posite according to claim 1, wherein the silicon nitride is 
attached to a surface of the carbonaceous material in the green 
body. 

3. The method for producing a silicon carbide-carbon com 
posite according to claim 1, further comprising: mixing the 
silicon nitride, the carbonaceous material, and a binder to 
obtain a mixture containing the carbonaceous material having 
the silicon nitride attached to a Surface thereof, and forming 
the mixture to obtain the green body. 

4. The method for producing a silicon carbide-carbon com 
posite according to claim 1, wherein the green body used has 
a volume ratio between the silicon nitride and the carbon 
aceous material of 5:95 to 50:50. 

5. The method for producing a silicon carbide-carbon com 
posite according to claim 1, wherein the firing of the green 
body is performed at 1700° C. or above. 

6. The method for producing a silicon carbide-carbon com 
posite according to claim 1, the silicon carbide-carbon com 
posite containing the silicon carbide which covers and con 
nects a plurality of pieces of the carbonaceous material. 

7. The method for producing a silicon carbide-carbon com 
posite according to claim 1, wherein the silicon nitride has a 
particle size in a range of /100 to /10 of a particle size of the 
carbonaceous material. 

8. A method for producing a silicon carbide-carbon com 
posite, comprising firing a green body containing silicon 
nitride and a carbonaceous material to obtain the silicon car 
bide-carbon composite, wherein the firing of the green body 
is performed at 1700° C. or above. 

9. The method for producing a silicon carbide-carbon com 
posite according to claim 8, wherein the silicon nitride is 
attached to a surface of the carbonaceous material in the green 
body. 

10. The method for producing a silicon carbide-carbon 
composite according to claim 8, further comprising: mixing 
the silicon nitride, the carbonaceous material, and a binder to 
obtain a mixture containing the carbonaceous material having 
the silicon nitride attached to a Surface thereof, and forming 
the mixture to obtain the green body. 

11. The method for producing a silicon carbide-carbon 
composite according to claim 8, wherein the silicon nitride is 
used in particulate form. 

12. The method for producing a silicon carbide-carbon 
composite according to claim 11, wherein the silicon nitride 
has a particle size in a range of /100 to "/s of a particle size of 
the carbonaceous material. 

13. The method for producing a silicon carbide-carbon 
composite according to claim 8, wherein the green body used 
has a volume ratio between the silicon nitride and the carbon 
aceous material of 5:95 to 50:50. 

14. The method for producing a silicon carbide-carbon 
composite according to claim 8, the silicon carbide-carbon 
composite containing the silicon carbide which covers and 
connects a plurality of pieces of the carbonaceous material. 
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